With the growing economic development experienced in China, there is an urge for more and better public infrastructure. Public Private Partnership (PPP) is an innovative method for delivering these facilities and services. But along with this method there are certain risk factors that exist or are more severe when compared to the traditional delivery method. This paper considers three types of common public projects in China that are often delivered by the PPP method, including "Water and wastewater", "Power and energy" and "Transportation". For each type of project, experienced practitioners in China were asked to rank the severity of twenty risk factors sought from a comprehensive literature review. The top five most severe risk factors for each type of project were considered. Ranked severe for all three types of projects were "Government intervention" and "Public credit". The findings indicate that the most severe risks are Government related. It appears that the stakeholders have low confidence in the Government.
A c c e p t e d M a n u s c r i p t N o t C o p y e d i t e d the Hangzhou Bay Bridge, Line 4 of Shenzhen Metro, the sewage treatment projects in Canton Xilang, the ten water plants in Beijing etc. These cases have demonstrated that the PPP model is easier for financing in a shorter amount of time, reducing the financial burden on the local Government, investment diversification, and providing a reasonable amount of risk-sharing (Qu and Li, 2009) . Consequently, PPP can be seen as beneficial to ease the financial pressure of the Chinese Government. In addition, with these projects normally being on a large scale the profits are particularly attractive to the private sector. The "win win" idea means that both the public and private parties are supportive of adopting the PPP arrangement for projects in China.
The Chinese Government believes that PPP is an effective way to ease their financial burden (Liu and Yamamoto, 2009 ). Furthermore, they also believe that it is more efficient than the traditional model of financing. Other benefits achievable include flexible management mechanisms, expertise and cost-awareness. However, the implementation of PPP in China requires certain conditions. For example, the investment system should be improved to facilitate further partnerships, the policy and legal environment should be more mature. There are underlying risks for all stakeholders involved with PPP projects. In order to be able to avoid these risks this paper indentifies the risk factors that occur in the three most common types of large scale public projects in China including "Water and wastewater", "Power and energy" and "Transportation". By highlighting and comparing the severity of different types of risks that occur in these projects they can be better avoided. The findings presented in this paper are useful for PPP professionals in China and other countries for preventing risks.
Risk Factors of Public Private Partnership Projects
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Projects procured by PPP tend to be subjected to more risks compared to those projects that are procured traditionally due to the complexity of PPP projects. Ke et al.'s (2009) study confirmed that risk management (including risk identification, risk evaluation, risk allocation, risk management, financial risk, political risk, and market risk) has continued to be one of the main research interests of PPP in recent years. Furthermore, Khasnabis et al. (2010) , emphasized the importance for future PPP studies to consider risk and uncertainties. Consequently, this section explores some of the studies which have been conducted by previous researchers in the area of PPP risks. Unkovski and Pienaar (2009) considered the management and analysis of PPP risks. Their results showed that although there were many risks associated with PPP projects, the method is still considered to be advantageous in South Africa due to them being lower in cost and more manageable when compared to using the traditional method where the Government finances and delivers the project themselves. Three major types of risks were categorized in their study namely technical, financial and legal risks.
Cheng and Shi (2009) and foreign currency administration difficulty. Unique about these PPP risks that were identified for China is that they are all related or affected by the local Government in one way or another.
Previous research may indicate that the Government should take more responsibility for providing a suitable environment to engage PPP projects.
Li and Zou (2010) derived slightly different findings from their study. They presented a fuzzy analytical hierarchy process as a risk assessment technique for a PPP expressway project in China. The results showed that planning deficiency, low project residual value at the end of the Journal of Urban Planning and Development. Submitted June 21, 2010; accepted April 15, 2011; posted ahead of print April 18, 2011 . doi:10.1061 /(ASCE)UP.1943 A c c e p t e d M a n u s c r i p t N o t C o p y e d i t e d concession period, lack of qualified bidders, design deficiency and long project approval time were assessed as the top five risks for the project.
Furthermore, Li and Liu (2009) suggested that to implement PPP projects in China the risks of the project needs to be considered at different angles, including in terms of curiosity, long-term, complexity, multi-levels and multi-goals of stakeholders. They firmly believe that the severity of the risks would differ depending on whether it is a traditional or PPP project being considered. Jin (2011) found that neuro-fuzzy models could be used to forecast efficient risk allocation strategies for PPP projects at a highly accurate level, which would be impossible by using multiple linear regression models and fuzzy inference systems.
The same researcher conducted a previous study (Jin, 2010) which considers the features related to risk allocation in PPP projects, including partners' risk management routine, partners' risk management mechanism, partners' cooperation history, risk management environmental uncertainty, and partners' risk management commitment. These features were used as determinants in the decision-making process of efficient risk allocation. and Zhang proposed a methodological framework to evaluate the financial risk of transportation infrastructure projects delivered by PPP. They claim that the approach is simple to use and effective for considering investment options through scenario and sensitivity analyses.
Research Methodology
Data for this research study was mainly collected via interviews conducted with experienced practitioners in China. The respondents were asked to rank the importance of risk factors for the three types of projects: "Water and wastewater", "Power and energy" and "Transportation".
Ranking and prioritization of risks in PPP projects is an important part of the risk management so that risks can be effectively allocated to the most appropriate party (Iyer and Sagheer, 2010) .
This section describes the design of the interview template and the background of the interview respondents. Furthermore, the analytical techniques adopted are explained. These include: mean score ranking, Cronbach's Alpha and Kendall's concordance analysis A c c e p t e d M a n u s c r i p t
Design of interview template

N o t C o p y e d i t e d
In order to analyze the risk ranking and allocation for different types of PPP projects in China an interview template was designed and conducted with PPP experts. Respondents were asked to provide some simple background information related to their experience. They were also presented with a list of twenty PPP risk factors and asked to rate them according to their severity according to a Likert scale from 1 to 5, with 1 representing the least severe and 5 representing the most severe. The list of risk factors was derived based on a comprehensive literature review and also from findings of a previous questionnaire survey conducted by the authors and their research team (Xu et al., 2010) . To prevent misinterpretation, the interview respondents were provided with the definition for each of the twenty PPP risk factors as shown in Table 1 .
Insert TABLE 1 here.
Background of interview respondents
A total of thirty-eight interviews were conducted in major cities around China including Beijing, Shanghai, Nanjing and Dalian. These cities were selected based on their rapid development in infrastructure, their activeness in PPP projects and also the available contact points of the researchers. General information regarding the respondents' background was recorded including the number of years they have been involved with PPP projects, the number of PPP projects they have participated in, the type of sector they were working for and also the types of projects that they have been involved with. All respondents participated in the interviews have hands-on experience with PPP projects. The majority (63%) have five years or below working experience.
Approximately a 30% of the respondents had six to ten years of working experience and the remaining had more years. This experience profile is considered acceptable given that PPP projects have only become more popular in China in recent years. All respondents interviewed were experienced with running PPP projects. All respondents had executed at least one PPP project. 66% of the respondents had executed one to three projects, a few had executed four to five projects and approximately 10% had executed six or above projects. A large proportion of the respondents (43%) represented the private sector, 34% represented other organizations and fewer respondents represented the public sector.
Seven types of projects that the respondents have been involved with were identified. In order of highest involvement these included fifteen in "Water and wastewater", eight in "Power and energy", seven in "Transportation", four in "Other" types of project, two in "Housing and offices", and also one in "Hospitals and medical services" and "Cultural and sport facilities"
respectively. These projects represented proportions of 39%, 21%, 18%, 11%, 5%, 3% and 3%
respectively. Considering that the first three types of projects were dominating in terms of participation level, they were selected for comparison purposes in this study based on their severity of risk factor.
Analysis Techniques
Mean score ranking
The mean is the most widely used and reported measure of central tendency (Lind et al., 2002) .
The mean score ranking technique is also a common technique used to analyze the results obtained by questionnaire surveys (Chan et al., 2009; Chan et al., 2010) . In this study, the respondents were asked to assess the risks according to a Likert scale from 1 to 5, where 1 is the least important and 5 is the most important. The mean score for each risk was therefore calculated by the summation of the respective scores given by each respondent according to the Likert scale, divided by the number of respondents that assessed the risk. The formula can be represented as follows:
( 1) Where M = Mean score for each risk factor; s = Score given by respondents according to a Likert scale from 1 to 5; n = Number of respondents that assessed the risk factor.
Cronbach's Alpha
Cronbach's Alpha was used to measure the reliability of the survey respondents. The value can range from negative infinity to one, where a score closer to one would indicate a higher degree of reliability (Cronbach, 1951) . The statistic can be defined as (Develles, 1991) :
(2)
Where α = Cronbach' Alpha According to Siegel and Castellan (1988) , W is only suitable when the number of attributes is less than or equal to 7. If the number of attributes is greater than 7, chi-square is used as a near approximation instead. The critical value of chi-square is further achieved by referring to the table of critical values of chi-square distribution, which can also be found in Siegel and Castellan (1988) .
Results and Discussion
Reliability of survey results
The value of Cronbach's Alpha was calculated to be 0.822 indicating that a high level of uniformity amongst the survey responses was received (Norusis, 2008) .
Agreement of respondents
The Kendall's coefficient of concordance (W) for the ranking of risk factors was 0.406. The computed W was statistically significant with significance level at 0.000.
As the number of attributes considered were above seven, as mentioned previously the Chisquare value would be referred to rather than the W value. According to the degree of freedom the critical value of Chi-square was 30.144. The computed Chi-square value was found to be above this value at 115.852. Therefore, the assessment by the survey respondents on their 
Ranking of risk factors
The twenty risk factors were rated by interviewees according to their severity of threat towards different types of PPP projects ( Table 2 ). The results were ranked and studied for "Water and wastewater", "Power and energy" and "Transportation" projects.
Insert The ranking of the top five most severe risk factors for each type of project were identified and analysed. In total nine risk factors were studied. The following discussion aims to provide some reasons for why these risk factors are believed to be the most severe. In addition, the risk factors of the three types of projects were compared to draw similarities and differences.
Government intervention
The risk factor "Government intervention" was ranked in the top five amongst the twenty risk factors for all three types of projects. For "Power and energy" and "Transportation" projects this risk was ranked the most severe. For "Water and wastewater" projects this risk was ranked 
Public credit
Also, ranked in the top five for all three types of projects was "Public credit". "Transportation" projects were ranked slightly higher at second position; whereas "Water and wastewater" and "Power and energy" projects were both ranked the fifth place. The findings are in line with Sachs et al. (2007) discussion regarding the credit worthiness of the local Governments in China.
They highlighted that one of the main problems related to the application of PPP in China was the unrealistic and unreasonable guarantees made by Chinese local Governments. As a result, "Public credit" has become a concern. They further discussed that the Chinese local Governments usually make promises which they are incapable to fulfill in order to attract potential investors to carry out the projects. Unfortunately, contracts are breached frequently due to this common practice of the Chinese local Governments. As a result, both parties lose out. The private party may lose their investment or achieve unexpectedly lower returns than anticipated and achieve no compensation. Sachs et al. (2007) concluded that the Chinese local Governments have been known to pay more in order to resolve the damage which has been caused to the other parties or the project itself.
Financing risk
"Financing risk" has always been a major problem especially for "Water and wastewater"
projects. For example, the Guangzhou Xilang project which was the first PPP wastewater treatment plant project in China was held back due to "Financing risk". It was initially planned in 1993 but took several years to take off due to the lack of financing source (Zhong and Fu, 2010) . Another example occurred in 2004, where the Beijing Government introduced five small sized wastewater treatment plant projects. These projects aimed to improve the wastewater treatment capacity and control water pollution in Beijing. Unfortunately the awarded consortia withdrew from the project due to financial difficulties. Chinese banks are often reluctant to provide long-term loans which are required for PPP projects, or tend to restrict the credit policies to the private sector. These experiences have reflected the problems in the existing financing policies of China (Zhong and Fu, 2010) . Consequently, "Financing risk" was ranked the most severe amongst the twenty risk factors for "Water and wastewater" projects. For the other types of projects studied this risk was ranked of medium severity only. It must also be noted that the financing model adopted for each project will vary its level of financial risk. This paper focuses primarily on comparing different natured PPP projects only. For further studies it would be Journal of Urban Planning and Development. Submitted June 21, 2010; accepted April 15, 2011; posted ahead of print April 18, 2011 . doi:10.1061 /(ASCE)UP.1943 A c c e p t e d M a n u s c r i p t
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worthy for researchers to consider how financing risk is affected by the mode of PPP adopted in projects.
Poor public decision making process
The risk factor "Poor public decision making process" was ranked similarly for the three types of projects. "Transportation" projects were ranked slightly higher at fifth position, possibly indicating that the Chinese Government is more prone to making poor decisions for these types of projects. In Sachs et al.'s (2007) study they reported that wrong decision made by the Chinese Government was another problem holding back the implementation of PPP. This was ascertained to the lack of knowledge in running PPP projects and also the unrealistic guarantees which would be made by the Chinese Government. As a result, there has been much complaint from the general public and key officials have stepped down (Sachs et al., 2007) .
Subjective project evaluation method
"Subjective project evaluation method" was ranked third for "Water and wastewater" and "Power and energy" projects but only of medium severity for "Transportation" projects. The reason behind this difference is probably due to the fact that traditionally "Water and wastewater" and "Power and energy" projects have been handled by the Government. But since the 1990s the Chinese Government has started to introduce private financing for these projects (Zhong et al., 2008) . With private financing as the target, proper evaluation of projects has been
neglected. An all rounded evaluation should be conducted inorder to assess whether PPP would Completion risk "Completion risk" was only ranked highly for "Water and wastewater" projects at the second position. Generally speaking "Completion risk" causes a project to go beyond the initial schedule. The consequences are a lack of cash flow to pay for the operating costs and subsequent debts, postponed length of maturity and increased interest from the loan (Li and Liu, 2009 ). As a result the whole project cost will be increased and the project will not be completed as planned. Furthermore, Pribadi and Pangeran (2007) analysed the risks that were associated with water PPP projects. Their study found that delay in completion for water PPP projects was often caused due to lack of coordination of contractors, failure to obtain standard planning approvals, failure to grant contractual land use rights or rights of way. These causes probably help to explain why "Completion risk" was ranked high for "Water and wastewater" projects. This risk factor was regarded as a potential threat for "Power and energy" projects by the interviewees at the second rank. Contrastingly for the other types of projects this risk factor was not regarded as threatening. Although, there is no evidence to support the reasons for this large difference in ranking between the projects, "Government corruption" has previously been suspected for "Power and energy" projects. The Laibin B power project was an example of successful PPP implementation and in future was adopted as a role model for similar projects (Sachs et al., 2007) . In addition, it was revolutionary at the time for being awarded through international tendering and comprising of 100 per cent foreign ownership. Wang and Ke (2009) believe that although the Chinese Government had addressed the risk of "Government corruption" via warranties in this project, there was no confidence that the private party could walk away easily if it did occur. They further discussed their beliefs are due to several predictions: firstly corruption would not take place in the open, it is difficult to determine corruption using contract language, and also the enforcement of the contract terms would be doubtable.
Imperfect law and supervision system
The risk factor "Imperfect law and supervision system" was ranked fourth for "Transportation"
projects. For "Power and energy" projects it was ranked of medium severity. And for "Water and wastewater" projects it was ranked low. In many Chinese PPP projects, it is not uncommon to find that the financiers undertake roles on both sides of the PPP arrangement and often they will also supervise the project as well. The effectiveness of this arrangement can be doubtable.
Aware of the potential problems some projects especially those "Transportation" type ones have taken action to avoid overlapping roles. In the Guangzhou No. 2 underground line project, the supervision of all aspects related to the project were purposely passed to the public procuratorial service and the financing bank acted as a double check (Adams et al., 2006) . Other measures which have been taken to improve legislation related to "Transportation" type projects include the establishment of specific laws such as the Highway Law (Chen and Doloi, 2008) . It is obvious that these actions were resulted due to the riskiness of "Imperfect law and supervision system" for "Transportation" projects. In some situations the authors do not rule out the possibility that the laws are simply not enforced.
Inability of concessionaire
This risk factor was ranked fourth for "Power and energy" projects. For the other types of projects this risk factor was ranked relatively low. Previous studies (Braadbaart et al., 2008; Zhong and Fu, 2010) have shown that the lack of competition during the bidding process of PPP projects has meant that the wrong or inappropriate concessionaires have been selected. The result has meant that unable concessionaires have been selected. It is possible that for "Power and energy" projects they are technically more demanding than the other types of projects studied, hence the ability of the concessionaire would be more demanding.
Conclusions
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This paper has examined some of the most severe risk factors that could occur in PPP projects.
A comparison was conducted looking at the risk factors of "Water and wastewater", "Power and energy" and "Transportation" projects in China. The results showed that "Government intervention", "Public credit", "Financing risk", "Poor public decision making process", "Subjective project evaluation method", "Completion risk", "Government corruption", "Imperfect law and supervision system", and "Inability of concessionaire" were the most severe risk factors for these projects, with "Government intervention" and "Public credit" being severe for all three groups of projects. It appears that the major risks of PPP projects in China are mainly related to the Government. Some of the lessons learnt and recommendations from these findings include:
The consortium members should consist of non-government representatives to avoid government intervention.
The Chinese Government should make realistic promises that they intend to and are able to carry out.
Ensure a stable income to eliminate financing risk. Ideally the income should result from the services and facilities but if this is not feasible, government support should be considered. Special attention on this aspect should be given to "Water and wastewater"
projects.
The Chinese Government should understand the PPP process well and try to adopt the good practices of other countries where possible.
Currently, there is no equivalent of the public sector comparator in China to assess whether the public projects are suitable to be delivered by PPP. It is important to introduce such a process to ensure that projects are not wrongly delivered by PPP. Ensure that laws are enforced especially for "Transportation" projects.
Concessionaires for "Power and energy" projects in particular should be selected carefully and appropriately to avoid under qualified members.
This paper has provided an interesting perspective on procuring PPP projects especially for those practitioners and academics in Western countries.
The study has highlighted those most common types of PPP projects in China and analyzed the differences between their risks. It is hoped that the results have enabled project stakeholders from other countries to be more aware of the potential risks in order to avoid or minimize them effectively. Furthermore, opportunities for conducting PPP projects in China will as a result be encouraged. This study also has its limitations. The main limitations of this study are that the interviews were conducted with only 
